Introduction
to macroautophagy herein), cytosol components to be degraded are engulfed by limiting membrane to form an autophagosome, which then fuses with lysosomes for content breakdown. Useful substances will be recycled for energy and other biosynthetic processes. Although autophagy has shown cytoprotective properties, dysregulated activation of it causes irreversible cellular atrophy and thus leads to cell death [13] .
Activation of both autophagy and apoptosis by A␤ has been reported in literature [8, 11, 14] . However, the sequential relationship between them has not been clearly elucidated.
Crosstalk and potential functional relationship between these two cellular events also remains elusive. Here we report that low molecular weight (MW) A␤ triggered neuronal apoptosis through cleavage of caspase 3 and poly (ADP-ribose) polymerase (PARP). On the other hand, A␤ activated autophagy by inducing autophagosome formation and autophagy related gene 12 (ATG12). A␤ also enhanced the lysosomal machinery in neurons. We demonstrated that activation of autophagy by low MW A␤ preceded that of apoptosis, with the potential molecular switch as death associated protein kinase (DAPK). More importantly, when stressed with A␤, neurons exhibiting high numbers of autophagosomes were of negative immunoreactivity of cleaved caspase 3, and inhibition of autophagy advanced neuronal apoptosis, suggesting that autophagy can protect neurons from A␤-induced apoptosis.

Materials and methods
Antibodies and chemicals
Cleaved caspase 3 (Asp 175) (1:1000 for Western blotting; 1:100 for immunocytochemistry), poly (ADP-ribose) polymerase (PARP) (1:1000), beclin-1 (BECN1) (1:100), ATG12 (1:100), AIF (1:100) antibodies were purchased from Cell Signaling Technology (Danvers, MA, USA). Lysosomeassociated membrane protein 2 (LAMP2) (1:100) antibody was from Abcam (Cambridge, MA, USA). Phospho-DAPK (p-DAPK) (1:2000) and ␤ actin (1:10000) were from Sigma-Aldrich, Inc. (Saint Louis, MO, USA). Antibody against LC3 (1:1000) was from Medical and Biological Lab (Naka-ku Nagoya, Japan). Anti-A␤ 1-16 or APP antibody (6E10) was purchased from Signet (Covance, NJ, USA). 3-methyladenine (3-MA) was purchased from Sigma (St. Louis, MO, USA).
Preparation of oilgomeric A␤
A␤1-42 was purchased from Yale University. The A␤1-42 peptide powder was first dissolved in 1,1,1,3,3,3-hexafluoro-2-propanol 
Immunocytochemical analysis and live cell imaging
Immunocytochemical staining was performed as described elsewhere with modifications [11, 16] 
Protein extraction and Western blot analysis
Protein extraction and Western blot analysis were performed as described elsewhere with modifications [17, 18] [7] . Cleavage of these two proteins was shown to be dose-and time-dependent. It first occurred at 18 hrs of A␤ treatment and became prominent from 24 hrs onwards (Fig. 2 [19] . Therefore, it is used as a marker for autophagosome formation. By transient expression of LC3-DsRed in neurons, we showed that the florescence intensity in vehicle-treated control was low. However, upon A␤ treatment, the expression of the protein increased with the formation of vesicular LC3 from 8 hrs onwards, in both soma (Fig. 5 ) and dentritic processes (Fig. 12) . The size and number of vesicles increased with time (Fig. 5 ). An increase in the autophagosomes formation induced by A␤ treatment could also be observed in live neurons (Fig. 10B) .
). We also examined the effect of A␤ on AIF expression and intracellular localization. Q-PCR did not show significant induction of AIF mRNA levels upon A␤ treatment from 4 to 30 hrs (Fig. 3). Immunofluorescent analysis of AIF showed that, in vehicle-treated control, AIF signals co-localized with Mito-GFP at 8 and 24 hrs (Fig. 4). When neurons were treated with A␤, there was no significant induction of AIF immunoreactivity and the localization of AIF was comparable to the vehicletreated control at both time-points.
Induction of autophagy in neurons by low MW A␤
We next sought to examine the effect of A␤ on the activation of autophagy, which is also known as the type II PCD. We transfected microtubule-associated protein 1 light chain 3 (LC3)-DsRed construct into neurons and examined its expression upon A␤ challenge. LC3 is a microtubule-associated protein binding protein. It can be post-translationally processed from LC3-I to LC3-II during autophagy and attached to the inner and outer membranes of autophagosomes
Apart from LC3, we also examined the expression of other genes involved in the autophagy process. By Q-PCR, we found that low MW A␤ did not significantly affect the mRNA level of BECN1 (Fig. 6) after treatment from 4 to 30 hrs, which has been suggested to play a role in the early induction of autophagy [20] . (Fig. 7) . Low MW A␤ showed no obvious effect on the gene expression level of ATG5 (Fig. 8) , which facilitates autophagosome expansion and completion [21] . Although A␤ did not significant up-regulate the total protein level of ATG12 (1.07 Ϯ 0.26 at 10 M, 1.07 Ϯ 0.13 at 20 M) (Fig. 9A, B) , which also plays a role in autophagosomes expansion [21] , it induced ATG12 puncta formation which co-localized with autophagosomes vesicles (Fig. 9C) . [22] . [27] . Upon A␤ treatment, we showed that the phosphorylation state of DAPK at serine 308 reduced from 24 hrs (Fig. 11 ), which agrees with the time-point of prominent neuronal apoptosis observed in our system (Fig. 2) . Phosphorylation of DAPK continued to down-regulate at 30 hrs and became undetectable at 20 M of A␤ treatment.
Induction of lysosomal machinery in neurons by low MW A␤
Phosphorylation of death-associated protein kinase in A␤-induced autophagy and apoptosis
Fig. 1 Western blotting of low MW A␤ peptide. Sixteen percent tristricine SDS-PAGE showing the molecular weight of low MW A␤ (A) of indicated amount loaded, and (B) after incubation in culture media of indicated time. 6E10 antibody was used for the detection of A␤ peptide.
Autophagy protects neurons from A␤-induced apoptosis
Previous reports suggested that autophagy and apoptosis crosstalk to one another [28] [29] [30] [31] [32] (Fig. 2) (Fig. 13) , suggesting 3-MA did not cause 
LC3-transfected population did not show apoptotic features. Together with the Western blot analysis
Discussion
In the present study, we demonstrated that low MW A␤ triggered neuronal apoptosis through cleavage of caspase 3 and PARP, as early as 18 hrs. This agrees with the common concept that soluble A␤ species are neurotoxic [3] [4] [5] . However, we found that low MW A␤ did not induce both the gene and protein expression levels of AIF, which can activate apoptosis independent of caspases [9] . Movsesyan et al. previously reported that AIF was released from mitochondria when cortical neurons were stressed with A␤25-35 [34] . However, we did not observe significant mitochondrial release and nuclear entry of AIF upon A␤ challenge, further supporting that low MW A␤ triggers apoptosis mainly via a caspase-dependent manner, which differs from the mechanism of cytotoxicity of A␤25-35. In view of the cytoprotective properties exerted by autophagy during starvation through catabolizing cellular components for energy [10] , and during pathological conditions through removal of toxic protein aggregates [12] [29] , Bcl-2 proteins [31] , p53 [30] , DAPK [24, 25] . Among them, DAPK is a calcium/calmodulin serine/threonine kinase which functions as a tumour suppressor. Its activity has been shown necessary for both autophagic and apoptotic cell death [24, 26] 
